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Abstract: 
Chromosome 22q11.2 deletion syndrome (22q11DS) is a common microdeletion syndrome 
associated with a markedly elevated risk of schizophrenia in adulthood. Cognitive impairments 
such as a low IQ and deficits in attention and executive function are common in childhood. The 
catechol O-methyltransferase (COMT) gene maps within the deleted region and is involved in 
the degradation of dopamine, a neurotransmitter thought to be important in cognition and the 
development of schizophrenia. Thus, we examined the correlation between neurocognitive 
deficits and a common polymorphism Val158Met in the COMT gene in a cohort of children with 
22q11DS. Our results show that children with 22q11DS who have the Met allele have higher IQ 
and achievement scores and perform better on measures of prefrontal cognition, such as the 
Continuous Performance Task, as compared with those with the Val allele. These results confirm 
that the hemizygous COMT Val158Met genotype impacts upon cognition in children with 
22q11DS. 
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Chromosome 22q11.2 deletion syndrome (22-q11DS) is a common microdeletion syndrome with 
protean manifestations. Also known as DiGeorge or velocardiofacial syndrome, it is associated 
with a high frequency (80–100%) of neurocognitive disabilities (1–4). The pattern of cognitive 
impairment includes deficits in IQ, working memory, executive function, attention, arithmetic 
performance, language, and relative strengths in reading and spelling (2, 5, 6). In childhood, in 
addition to the intellectual deficits, attention deficit with hyperactivity, anxiety disorders, poor 
social skills, and emotional instability have been noted (7, 8). 
 
Children with 22q11DS have also been described to have a remarkably elevated risk (25–40%) 
of schizophrenia and other psychotic disorders in late adolescence/adulthood (9–13). This 
unparalleled high risk of schizophrenia is preceded by the cognitive dysfunction seen in earlier 
years. Understanding the pathogenesis of these cognitive problems may thus shed light upon the 
subsequent development of psychoses. 
 
The catechol O-methyltransferase (COMT) gene is located within the 22q11.2 region that is 
deleted in individuals with 22q11DS, and thus, affected individuals are hemizygous for the gene. 
The COMT protein is the major enzyme responsible for the degradation of dopamine in the 
prefrontal cortex (14). A common polymorphism, with the substitution of methionine (Met) for 
valine (Val) at codon 158, causes the Met allele to have one-fourth of the enzymatic activity of 
the Val allele, resulting in increased dopamine in the prefrontal cortex (15). The prefrontal cortex 
is the seat of executive functioning, sustained attention, and verbal working memory, and 
increased dopamine levels in the prefrontal cortex associated with the Met allele are thought to 
confer a cognitive advantage. In studies of healthy individuals, as well as patients with 
schizophrenia and schizotypy (unrelated to 22q11DS), homozygosity for the Met allele has been 
shown to result in better performance on tests of prefrontal cognition, as compared with Val 
homozygosity or heterozygosity for Met/Val(16–18). Furthermore, comparison of the allele 
frequencies between individuals with schizophrenia spectrum disorders and control subjects has 
shown that the Val allele occurred more often in affected subjects than in control subjects (19–
21). These studies lend credence to the hypothesis that the Met allele is associated with higher 
prefrontal functioning and thus might be protective against the development of schizophrenia. 
 
The association between this COMT polymorphism and prefrontal cognition in children with 
22q11DS was examined by Bearden et al., and in that study, children hemizygous for the low 
activity Met allele performed better on measures of executive function than Val hemizygous 
individuals (22). A recent study, however, reported that the Met allele was associated with a 
decline in verbal IQ and a higher rate of psychosis in individuals with 22q11DS (23). Thus, the 
exact relationship between the COMT Val158Met polymorphism and cognition remains unclear. 
This study examines the relationship of the COMT Val158Met polymorphism and measures of 
cognitive functioning in non-psychotic children with 22q11DS. We hypothesized that the Met 
hemizygous children would perform better than the Val hemizygous participants on tasks of 
general cognitive ability and especially so on specific tests of prefrontal cognition. 
 
Materials and methods 
The participants were 21 children with 22q11DS between the ages of 7–16 years. The mean ages 
of the participants in the Val and Met groups were 9.4 years (SD = 3.7) and 9.3 years (SD = 2.0), 
respectively. The subjects were recruited through the genetics clinics at Wake Forest University 
School of Medicine. The diagnosis of 22q11DS had been confirmed in all individuals by 
fluorescence in situ hybridization with the commercially available DNA probe containing 
D22S75 (Vysis, Gaithersburg, MD). The study was approved by the institutional review board, 
and informed consent was obtained from the parent/guardian of all the children. Verbal assent 
was obtained from each child. The neurocognitive assessment was conducted by a licensed 
clinical psychologist (TR Kwapil) and an advanced graduate student in psychology (E 
Lewandowski). These individuals were unaware of the COMT genotype at the time of the 
testing. 
 
The Wechsler Intelligence Scale for Children 3rd Edition (WISC-3) (24), the Wechsler 
Individual Achievement Test 2nd Edition (WIAT-II) (25), the Continuous Performance Test 
(CPT_IP and _AX) for sustained attention (26), the Wisconsin Card Sorting test (WCST) for 
executive function (27) and the California Verbal Learning Test – Children's Version (CVLT) 
for verbal working memory (28) were administered to the participants. The CPT, WCST, and 
CVLT are reflective of prefrontal cognitive functioning. We report the d-prime index of the CPT, 
because it is widely reported in the literature to be predictive of schizophrenia-spectrum 
disorders (29, 30). 
 
The COMT genotype was determined by restriction fragment length polymorphism as described 
in detail previously (31). Statistical analysis was carried out by a t-test. The Met and Val groups 
were compared with respect to Full Scale, Verbal, and Performance IQ, achievement, and the 




Twelve patients had the Met allele and nine had the Val allele. The groups did not differ in age, 
sex, or ethnic composition. There were six males and three females in the Val group and seven 
males and five females in the Met group. The mean age of the Val group was 9.4 years (SD = 
3.7) and that of the Met group was 9.3 years (SD = 2.0). Levine's test of equality of variance on 
all of our dependent measures showed that the Val and Met groups did not differ in the variance 
(standard deviation) for all the tests. Using gender and age as a covariate, we did not find any 
significant differences in the results with all of the neurocognitive measures. The details of the 
analyses are provided in Table 1 and in Figs 1 and 2. 
 
Table 1.  Comparisons of the Val/Met genotypes and the neurocognitive test results 
Test Val/Met n Mean SD t-value p-value 
  
WISC Full Scale IQ 
Val 9 62.44 11.17 2.37 <0.05 
Met 10a 74.77 11.29     
WISC Verbal IQ 
Val 9 66.11 11.03 2.55 <0.05 
Met 10 79.00 10.90     
WISC Performance IQ 
Val 9 64.89 12.05 1.91 <0.10 
Met 11 75.27 11.03     
WIAT Broad Mathematics 
Val 9 61.67 11.38 2.5 <0.05 
Met 12 76.75 14.66     
WIAT Spelling 
Val 9 74.67 15.87 1.75 <0.10 
Met 12 86.08 13.84     
CPT_AXc 
Val 9 0.39 0.90 2.67 0.01 
Met 12 1.39 0.79     
WCST Perseverative Errors 
Val 7b 86.43 12.59   NS 
Met 12 86.58 10.27 0.02   
WCST Trials to First Category 
Val 7 37.57 42.64 −0.87 <0.10 
Met 12 24.08 25.35     
WCST Conceptual Level Response 
Val 7 83.43 16.74 0.33 NS 
Met 12 85.33 8.52     
Test Val/Met n Mean SD t-value p-value 
CVLT-Verbal Learningd 
Val 9 −1.26 1.11 0.66 NS 
Met 12 −1 0.73     
CVLT-Serial Clustering 
Val 9 −0.61 1.1 0.16 NS 
Met 12 −0.54 0.83     
 
 
CPT, Continuous Performance Test; CVLT, California Verbal Learning Test; NS, non-significant; WCST, 
Wisconsin Card Sorting Test; WIAT, Wechsler Individual Achievement Test; WISC, Wechsler Intelligence Scale 
for Children. 
 a One subject could not complete the Verbal IQ testing (thus Full-Scale IQ could not be computed) due to a severe 
speech impediment, and IQ testing on another subject done elsewhere is not yet available. 
 b Due to a technical difficulty with the computer, two subjects could not complete the WSCT (the test could not be 
readministered, as the results would not be valid). 
  c The CPT_AX scores are reported as a d′, a signal detection index that accounts for response bias. 




Figure 1. Comparison of participants with Val and Met alleles on intellectual ability. 
 
 
Figure 2. Comparison of participants with Val and Met alleles on CPT-AX. Thed-prime score 
accounts for response bias (over- or under-responding). 
 
The Met group exceeded the Val group on Full Scale IQ [t(17) = 2.37, p < 0.05] and Verbal IQ 
[t(17) = 2.55, p < 0.05] and demonstrated a trend toward higher scores on performance IQ 
[t(18) = 1.91, p < 0.10]. The Met group also exceeded the Val group on achievement in 
mathematics [t(19) = 2.56, p < 0.05] and demonstrated a trend toward better achievement in 
reading [t(17) = 1.98, p < 0.10] and spelling [t(19) = 1.75, p < 0.10]. The Met and Val groups 
differed significantly on their performance on the CPT_AX [t(19) = 2.67, p = 0.01]. There was a 
trend for the Met group to perform better on the trials to first category condition of the WCST 
(WSCT_TFC) [t(17) = −0.872, p < 0.10]. The effect sizes (Cohen's d) for correlations between 
all of the above neurocognitive measures and the Val/Met genotype exceeded 0.7, again 
indicative of a strong correlation between this polymorphism and neurocognition, even with a 




The exact cause of the cognitive abnormalities in individuals with 22q11DS is unclear, but the 
loss of one or more genes in the interval (resulting in hemizygosity/haploinsufficiency) likely 
contributes to the neuropsychological abnormalities in this condition. It is also reasonable to 
hypothesize that polymorphisms within the remaining allele/s mapping to the deleted region 
would have an impact upon the phenotype. Such polymorphisms in the ‘normal’ allele have been 
postulated as accounting for the variability in manifestations in several genetic disorders, 
including 22q11DS (32, 33). 
 
There is considerable evidence that the Val158Met polymorphism is likely associated with the 
cognitive deficits in schizophrenia in individuals without 22q11DS, although some studies have 
been contradictory (34). In individuals with 22q11DS, there is little known about the COMT 
genotype and its relationship to the cognitive deficits and schizophrenia associated with this 
condition. Bearden et al. demonstrated that Met hemizygous individuals had higher prefrontal 
functioning than Val hemizygous individuals (22). Murphy et al. reported that there was no 
association between the COMT genotype and schizophrenia in adults with 22q11DS (12). 
Gothelf et al. in a longitudinal study of a small number of 22q11DS individuals reported that the 
Met allele was associated with a decline of verbal IQ and psychosis (23). However, given the 
strong evidence that the cognitive deficits in schizophrenia are indeed associated with a 
hypoactive dopaminergic system in the prefrontal cortex (35–37), as would be expected with the 
Val allele, further exploration of the relationship of the Val/Met polymorphism and prefrontal 
deficits in children with 22q11DS is needed to clarify the relationship between this 
polymorphism and neurocognition and psychosis in 22q11DS. 
 
Our results show that the Met allele is associated with higher Verbal and Full-Scale IQ and better 
achievement in mathematics. In addition, the Met allele conferred an advantage in the 
performance on the CPT_AX, which measures sustained attention, an important prefrontal lobe 
function that has been well described as being abnormal in individuals with schizophrenia as 
well as those at high risk (38, 39). These results are similar to those of Bearden et al. (22). Our 
results of a higher Verbal and Full-Scale IQ, associated with the Met allele, are in contrast to the 
findings of Bearden et al. (5) and Gothelf et al. (23), whose results showed that the Val allele 
was associated with a higher full-scale IQ. The study by Gothelf et al. did not include measures 
of prefrontal cognition, and thus direct comparisons on these measures with our results cannot be 
made. 
 
This study examined the relationship between the neuropsychological findings (especially those 
reflective of prefrontal functioning) and the Val158Met genotype at the hemizygous COMT gene 
locus in a cohort of non-psychotic children with 22q11DS. Establishing this relationship between 
the COMT genotype and neurocognitive performance would be informative in understanding the 
pathogenesis of the cognitive deficits in this group of children. Such a relationship could 
potentially also be etiologically related to the development of schizophrenia and other mood 
psychoses in later life. 
 
The findings of this study are limited by the small sample size and the possibility that the effects 
of the Val/Met polymorphism on cognition may just be related to linkage disequilibrium with 
another genetic variant in this interval. We did not perform correction for multiple comparisons, 
because our neurocognitive measures were all carefully chosen based on our a priori hypotheses. 
The strength of our study is that we used ‘gold standard’ tools that have been extensively 
employed in schizophrenia research, for testing prefrontal functions. Our findings provide further 
support for the role of the Val158Met polymorphism in prefrontal cognition in children with 
22q11DS, with the Met allele being associated with better performance than the Val allele. The 
relationship between the Val158Met polymorphism and the development of schizophrenia in 
adulthood is unclear and would be best explored in further prospective studies, which offer the 
opportunity to examine other pathogenetic factors as well. 
 
Acknowledgements 
This work was supported in part by NIH grant 1-R03-MH67194-01-A2 (V. Shashi) and the 
National Alliance for Research on Schizophrenia and Depression (NARSAD) Young 
Investigator Award (V. Shashi). 
 
References: 
Shprintzen RJ, Goldberg RB, Young D, Wolford L. The velo-cardio-facial syndrome: a clinical 
and genetic analysis. Pediatrics 1981: 67 (00): 167–172. 
 
Moss EM, Batshaw ML, Solot CB et al. Psychoeducational profile of the 22q11.2 microdeletion: 
a complex pattern. J Pediatr 1999: 134 (2): 193–198. 
 
Swillen A, Devriendt K, Legius E et al. Intelligence and psychosocial adjustment in 
velocardiofacial syndrome: a study of 37 children and adolescents with VCFS. J Med Genet 
1997: 34 (6): 453–458. 
 
Gerdes M, Solot C, Wang PP et al. Cognitive and behavior profile of preschool children with 
chromosome 22q11.2 deletion. Am J Med Genet 1999: 85 (2): 127–133. 
 
Bearden CE, Woodin MF, Wang PP et al. The neurocognitive phenotype of the 22q11.2 deletion 
syndrome: selective deficit in visual-spatial memory. J Clin Exp Neuropsychol 2001: 23 (4): 
447–464. 
 
Woodin M, Wang PP, Aleman D, Donald-McGinn D, Zackai E, Moss E. Neuropsychological 
profile of children and adolescents with the 22q11.2 microdeletion. Genet Med 2001: 3 (1): 34–
39. 
 
Swillen A, Devriendt K, Legius E et al. The behavioural phenotype in velo-cardio-facial 
syndrome (VCFS): from infancy to adolescence. Genet Couns 1999: 10 (1): 79–88. 
 
Niklasson L, Rasmussen P, Oskarsdottir S, Gillberg C. Neuropsychiatric disorders in the 22q11 
deletion syndrome. Genet Med 2001: 3 (1): 79–84. 
 
Shprintzen RJ, Goldberg R, Golding-Kushner KJ, Marion RW. Late-onset psychosis in the velo-
cardio-facial syndrome. Am J Med Genet 1992: 42 (1): 141–142. 
 
Pulver AE, Nestadt G, Goldberg R et al. Psychotic illness in patients diagnosed with velo-cardio-
facial syndrome and their relatives. J Nerv Ment Dis 1994: 182 (8): 476–478. 
 
Papolos DF, Faedda GL, Veit S et al. Bipolar spectrum disorders in patients diagnosed with velo-
cardio-facial syndrome. does a hemizygous deletion of chromosome 22q11 result in bipolar 
affective disorder? Am J Psychiatry 1996: 153 (12): 1541–1547. 
 
Murphy KC, Jones LA, Owen MJ. High rates of schizophrenia in adults with velo-cardio-facial 
syndrome. Arch Gen Psychiatry 1999: 56 (10): 940–945. 
 
Bassett AS, Hodgkinson K, Chow EW, Correia S, Scutt LE, Weksberg R. 22q11 deletion 
syndrome in adults with schizophrenia. Am J Med Genet 1998: 81 (4): 328–337. 
 
Karoum F, Chrapusta SJ, Egan MF. 3-Methoxytyramine is the major metabolite of released 
dopamine in the rat frontal cortex: reassessment of the effects of antipsychotics on the dynamics 
of dopamine release and metabolism in the frontal cortex, nucleus accumbens, and striatum by a 
simple two pool model. J Neurochem 1994: 63 (3): 972–979. 
 
Aksoy S, Klener J, Weinshilboum RM. Catechol O-methyltransferase pharmacogenetics: 
photoaffinity labelling and western blot analysis of human liver samples. Pharmaco-genetics 
1993: 3 (2): 116–122. 
 
Egan MF, Goldberg TE, Kolachana BS et al. Effect of COMT Val108/158 Met genotype on 
frontal lobe function and risk for schizophrenia. Proc Natl Acad Sci USA 2001: 98 (12): 6917–
6922. 
 
Bilder RM, Volavka J, Czobor P et al. Neurocognitive correlates of the COMT Val(158)Met 
polymorphism in chronic schizophrenia. Biol Psychiatry 2002: 52 (7): 701–707. 
 
Malhotra AK, Kestler LJ, Mazzanti C, Bates JA, Goldberg T, Goldman D. A functional 
polymorphism in the COMT gene and performance on a test of prefrontal cognition. Am J 
Psychiatry 2002: 159 (4): 652–654. 
 
Wonodi I, Stine OC, Mitchell BD, Buchanan RW, Thaker GK. Association between Val108/158 
Met polymorphism of the COMT gene and schizophrenia. Am J Med Genet B Neuropsychiatr 
Genet 2003: 120 (1): 47–50. 
 
Li T, Sham PC, Vallada H et al. Preferential transmission of the high activity allele of COMT in 
schizophrenia. Psychiatr Genet 1996: 6 (3): 131–133. 
 
Avramopoulos D, Stefanis NC, Hantoumi I, Smyrnis N, Evdokimidis I, Stefanis CN. Higher 
scores of self reported schizotypy in healthy young males carrying the COMT high activity 
allele. Mol Psychiatry 2002: 7 (7): 706–711. 
 
Bearden CE, Jawad AF, Lynch DR et al. Effects of a functional COMT polymorphism on 
prefrontal cognitive function in patients with 22q11.2 deletion syndrome. Am J Psychiatry 2004: 
161 (9): 1700–1702. 
 
Gothelf D, Eliez S, Thompson T et al. COMT genotype predicts longitudinal cognitive decline 
and psychosis in 22q11.2 deletion syndrome. Nat Neurosci 2005: 8 (11): 1500–1502. 
 
Wechsler D. Wechsler Intelligence Scale for Children (WISC-III), 3rd edn. San Antonio, TX: 
The Psychological Corporation, 1999. 
 
Wechsler D. Wechsler Individual Achievement Test-II (WIAT-II). San Antonio, TX: The 
Psychological Corporation, 2001. 
 
Cornblatt BA, Risch NJ, Faris G, Friedman D, Erlenmeyer-Kimling L. The Continuous 
Performance Test, identical pairs version (CPT-IP): I. new findings about sustained attention in 
normal families. Psychiatry Res 1988: 26 (2): 223–238. 
 
Harris ME. Wisconsin Card Sorting Test: Scoring Program. (Version 2.0). Odessa, FL: 
Psychological Assessment Resources, 1988. 
 
Delis DC, Kramer JH, Kaplan E, Ober BA. California Verbal Learning Test (CVLT-II), 2nd edn. 
San Antonio, TX: The Psychological Corporation, 1994. 
 
Cornblatt B, Obuchowski M, Roberts S, Pollack S, Erlenmeyer-Kimling L. Cognitive and 
behavioral precursors of schizophrenia. Dev Psychopathol 1999: 11 (3): 487–508. 
 
Cornblatt BA, Erlenmeyer-Kimling L. Global attentional deviance as a marker of risk for 
schizophrenia: specificity and predictive validity. J Abnorm Psychol 1985: 94 (4): 470–486. 
 
Lachman HM, Papolos DF, Saito T, Yu YM, Szumlanski CL, Weinshilboum RM. Human 
catechol-O-methyltransferase pharmacogenetics: description of a functional polymorphism and 
its potential application to neuropsychiatric disorders. Pharmacogenetics 1996: 6 (3): 243–250. 
 
Carey JC, Viskochil DH. Neurofibromatosis type 1: a model condition for the study of the 
molecular basis of variable expressivity in human disorders. Am J Med Genet 1999: 89 (1): 7– 
 
Breuning MH. [Phenotypic variability. genetics and chance – deletion 22q11 and schizophrenia]. 
Ned Tijdschr Geneeskd 2002: 146 (43): 2016–2019. 
 
Munafo MR, Bowes L, Clark TG, Flint J. Lack of association of the COMT (Val 158/108 Met) 
gene and schizophrenia: a meta-analysis of case-control studies. Mol Psychiatry 2005: 10 (8): 
765–770. 
 
Davis KL, Kahn RS, Ko G, Davidson M. Dopamine in schizophrenia: a review and 
reconceptualization. Am J Psychiatry 1991: 148 (11): 1474–1486. 
 
Goldman-Rakic PS. Prefrontal cortical dysfunction in schizophrenia: the relevance of working 
memory. In: Psychopathology and the Brain (BJCarroll, JEBarrett, eds). New York: Raven  
 
Braver TS, Barch DM, Cohen JD. Cognition and control in schizophrenia: a computational 
model of dopamine and prefrontal function. Biol Psychiatry 1999: 46 (3): 312–328. 
 
Suwa H, Matsushima E, Ohta K, Mori K. Attention disorders in schizophrenia. Psychiatry Clin 
Neurosci 2004: 58 (3): 249–256. 
 
Chen WJ, Chang CH, Liu SK, Hwang TJ, Hwu HG. Sustained attention deficits in nonpsychotic 
relatives of schizophrenic patients: a recurrence risk ratio analysis. Biol Psychiatry 2004: 55 
(10): 995–1000. 
 
